The purpose of this report is to demonstrate that selective homonuclear decoupling can be used as an alternative for 13 C NMR method for identifying configuration of an isolated (mid-chain) double bond in some lipids. Using homodecoupling of allylic protons, the coupling constants J cis or J trans between the olefinic protons of some fatty acid methyl esters and related compounds with (n-7) and (n-9) terminal structures were evaluated. The optimal conditions of the homodecoupling experiments on these compounds were examined. Empirical rules were proposed to predict the results of homodecoupling experiments on lipid with an isolated double bond.
Selective homonuclear spin decoupling (double resonance or selective irradiation experiments) can be used in 1 Н NMR spectroscopy to simplify the resonance of a certain proton removing spin coupling to another (irradiated) proton. In experiments involving the selective irradiation of allylic protons, the olefinic protons of a variety of lipids gave doublets, and the spin-spin coupling constants (J cis ≈ 10 Hz and J trans ≈ 15 Hz [1] ) of the doublets were used to characterize cis-and trans-double bonds. The 1 Н NMR spectra of such lipids showed a noticeable difference in the chemical shifts of both olefinic and allylic protons, because each olefinic center was influenced by different nearby functions, including other double bonds or a terminal methyl group (see, for example, ref. [2−6] ). As Frost and Gunstone stated, "In those cases where this coupling constant (J cis/trans ) can be measured the configuration of the double bond can be unambiguously determined, but for most isolated bonds this is not possible, the very small chemical shift difference between the alkenyl protons producing a complex absorption is not susceptible to first-order analysis" [1] . Indeed, when Keusgen et al. attempted to use selective irradiation of the allylic protons of methyl 9-hexadecenoate for the assignment of double bond configuration based on a J value, their attempt was not successful: a singlet resonance of olefinic protons was observed only in the decoupled 500 MHz 1 Н NMR spectrum (CD 3 OD) of the ester [7] . Thus, the coupling constants J cis/trans have never been evaluated for any lipid with an isolated (n-7) or even (n-9) double bond.
It is known that cis-fatty acids of the (n-9) and (n-7) families and their derivatives with an isolated (mid-chain) double bond are common in nature, sometimes accompanied by trans-isomers. 13 C NMR spectroscopy is the most commonly used NMR method for identifying configurations of such double bonds ( [8] : reference spectra in CDCl 3 ). Unfortunately, 13 C NMR spectroscopy is relatively insensitive for many purposes, requiring approximately more than 1 mg of fatty acid for a usable spectrum. In addition, it is incorrect to compare the 13 C NMR data of nonpolar lipids in CDCl 3 [8] to the 13 C NMR data of polar lipids dissolved in C 5 D 5 N or CD 3 OD, for example. In contrast to the 13 C NMR method, homodecoupling experiments can be carried out very rapidly using only small (submilligram) amounts of material and different deuterosolvents (according to ref. [9] and our data). To expand the use of selective homonuclear decoupling in the analysis of double bond configurations, we carried out homodecoupling experiments on some fatty acid methyl esters and related compounds with (n-7) and (n-9) terminal structures. These experiments permitted the evaluation of the J cis or J trans values for most of these lipids. The optimal experimental conditions were examined: 300, 500 or 700 MHz spectra and samples dissolved in CDCl 3 , CD 3 OD, C 5 D 5 N or C 6 D 6 were studied. It was shown that homodecoupling experiments could be used as an alternative for 13 C NMR method for identifying configurations of isolated (n−7) and (n−9) double bonds.
Upon the irradiation of allylic protons, the olefinic multiplets of the compounds listed in Table 1 (Table 1 ). In the case of cismonoenoic С 16 , С 18 esters and C 18 acid, informative AB spectra were observed for samples dissolved in CDCl 3 . In contrast, the multiplets (so-called "triplet-like" signals) of the olefinic protons of longer-chain cis-monoenes in CDCl 3 were transformed to singlets after decoupling (Figure 2а) . Fortunately, the olefinic protons of these monoenes in C 5 D 5 N and in C 6 D 6 gave АВ patterns (see, for example, Figure 2b ). As for CD 3 OD (not shown in Table 1) , it was not possible to obtain the accurate J cis/trans values for cis-and transisomeric methyl 9-octadecenoates in this solvent because tight AB systems were observed in their decoupled spectra. The decoupled spectra of longer-chain monoenes in CD 3 OD were not studied here because they were expected to show less resolved resonances.
We found that the accurate evaluation of the J cis/trans constants was dependent also on some structural features of each compound including double bond configuration. Thus, any cis-isomer showed a more resolved АВ system with a larger Δν AB than the transisomer. For example, in contrast to the corresponding cis-isomers, methyl 15-trans-(2R)-2-hydroxydocosenoate, methyl 16-trans-(2R)-2-acetyloxytricosenoate, and 15-trans-tetracosenoic acid in C 5 D 5 N and in C 6 D 6 gave tight АВ systems, so it was impossible to find their actual J trans values (not shown in Table 1 ; more powerful instruments than a 700 MHz spectrometer might be used to evaluate these constants). Then, the resolution of the AB spectra depended on the distance between the double bond and terminal polar group of the compounds because, in most cases, a longer-chain cis-or trans-isomer showed a lower Δν AB value than a shorter-chain monoene with an analogous terminal structure. Finally, the resolution of the doublets of an AB system was influenced by a type of the terminal polar group. For example, the Δν AB values of 9-cisoctadecenoic acid, its ester (in CDCl 3 and in C 6 D 6 ) and acetylated 9-cis-octadecen-1-ol (in C 6 D 6 ) was significantly larger than the Δν AB value of 9-cis-octadecen-1-ol (in C 6 D 6 and in CDCl 3 ) ( Table 1) . The partial 1 Н NMR spectra (700 MHz, C 6 D 6 ) of 5-cis,9-cis,22-cis-nonacosatrienoic acid: а undecoupled spectrum; b decoupled spectra (note that some residual splitting is observed, and the signal region for H-5 is not shown) According to our data, selective irradiation experiments can be applied to study of the configuration of an isolated double bond in trienoic demospongic acid, and precise 1 H NMR data for all its olefinic and allylic protons can be obtained. H-23 to an AB system (Δν AB = 6.1 Hz, J cis = 10.9 Hz). The assignment of the signals of all the olefinic and allylic protons for trienoic demospongic acid was made for the first time. In addition, the interpretation of our experimental data can lead to the correction of the published 1 H NMR data for dienoic demospongic acid in C 6 D 6 [10] .
Configuration analysis of an isolated double bond by homodecoupling
The prediction of the results of homodecoupling experiments on any compound with an isolated double bond is of practical importance. Such a prognosis may be based on a correlation between the splitting pattern of any multiplet of olefinic protons in undecoupled spectrum and the resolution of corresponding AB spectrum, found for the compounds studied here. Namely, if two maximums of a multiplet are observed (see, for example, Figures 1a, 1c-f , 2b, the distorted multiplet of H-22, H-23 in Figure 3a) , the partially resolved or even resolved doublets of AB system shall be seen after homodecoupling. Accordingly, an Δν AB value may be considered to depend on the distance between the two maximum points of the multiplet. If a multiplet has one maximum only, an AB system with coincident inner lines or a singlet resonance shall be observed in decoupled spectrum (as depicted in Figures 1b, 2a) . It can be expected that the above-mentioned empirical rules shall be used not only for lipids with isolated an (n-7) or (n-9) double bond, but also
